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COMPOUND 

(57)Abstract: 

PROBLEM TO BE SOLVED: To subject fluorocarbon or 
fluorine compd. to plasma decomposition with high 
decomposition efficiency and to completely suppress the 
generation of harmful by-product. 

SOLUTION: Relating to the low temp, plasma decomposition 
device, the waste gas containing the fluorocarbon or the 
fluorine compd. is decomposed to a harmless material by 
causing the gas to flow between both electrodes 1 and 2 to 
which high voltage is applied. In the low temp, plasma 
decomposition device, a granular ferroelectric material 3 is 
filled between both electrodes 1 and 2 and also alumina 
coating layers are provided respectively at the opposite 
surface side of the both electrodes 1 and 2. 
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CLAIM + DETAILED DESCRIPTION 



[Claim(s)] 

[Cfaim 1]In a low-temparature plasma decomposition device which passes exhaust gas 
contaming chlorofluocBrbon or a fluorine compound, and is disassembled into a harmless 
substance. ftW up with a granular ferroelectric substance between two electrodes between two 
electrodes to which a high voltage is impressed and. A low-temperature plasma decomposition 
device providing an alumina coating layer in the opposed face side of two electrodes* 
respectively. 

[Claim 2]A low-temperature plasma decomposition device by which being filled up with a mixture 
of a granular ferroelectric substance and an aluminum content oxide between two electrodes in a 
low-temperature plasma decomposition device which passes exhaust gas containing 
chlorofluocarbon or a fluorine compound, and is disassembled into a harmless substance 
between two electrodes to which a high voltage is impressed 

[Claim 3]A low-temperature plasma decomposition device by which a silica tube's having 
inserted inside an outside electrode, and being filled up with an aluminum content oxide between 
two electrodes in a low-temperature plasma decomposition device which passes exhaust gas 
which contains chlorofluocarbon or a fluorine compound between two electrodes to which a high 
voltage is impressed, and is disassembled into a harmless substance. 

[Claim 4]A tow-temperature plasma decomposition method carrying out alumina coating of the 
electric discharge electrode, or making an aluminum content oxide live together in electric 
discharge inter-electrode in a low-temperature plasma decomposition method which 
disassembles chlorofluocarbon or a fluorine compound to a harmless substance by low- 
temperature plasma. 

[Claim 5]A low-temperature plasma decomposition method according to claim 4 coating two 
electrodes with alumina coating of said electric discharge electrode by a thicliness of 0.05-1,0 
mm uniformty so that reaction gas may not be contacted directly. 

[Claim 6]A low-temperature plasma decomposition method according to claim 4 mixing physically 
a strong dielectric substance of the specific inductive capacity 100-15000 with an aluminum 
content oxide by a volume ratio of 1:9 to 5:5 inside, and filling up and using for inter-electrode 
about a method of being filled up with a stainless steel reactor. 

[Claim 7]A bw-temperature plasma decomposition method according to claim 4 filling up with 
and using an aluminum content oxide for the inside about a method of being filled up with glass 
reactors. 

[Claim 8]An aluminum content oxide Alumina (AI2O3). the zeolite 3A. A low-temperature plasma 

decomposition method according to claim 4 being at least one sort chosen from the zeolite 4A, 
the zeolite 5A. the zeolite 13X, and SUPINERU {MgAlgO^). 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the plasma removing method of chlorofluocarbon 
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and a fluorine compound discharged from a waste refrigerator, a waste air conditioner* a waste 

car, a semiconductor manufacture institution, etc, 

[0002] 

[Description of the Prior ArtJUntiJ now, [ as art of removing chlorofluocarbon ] (1) The rotary kiln 
method, the (2) cement-kiln method, (3) f»xed fk>or two-stage*combustjon method. (4) A catalyst 
method. (5) chemical thermal cracking method, (6) submerged-combustion method, (7) high- 
temperature-steam part solution. (8) high-temperature melting furnace method. (9) heating- 
steam reaction method. (10) high-frequency plasma process, and (11) arc plasma process are 
enforced in examination or a bench plant. However, in order to disassemble chlorofluocarbon 
with a few of these large-sized institutions, what was collected in the source of discharge 
needed to be carried, and the rate with which the decomposition device to the total amount of 
chlorofluocarbon actually discharged is presented has still hung low. On the other hand, the 
chlorofluocarbon part solution which used the low-temperature plasma reactor until now as a 
small device which can process chlorofluocarbon in the source of discharge is known, as 
opposed to the chlorofluocarbon 113 (C^CIgFj) — high resolution — it is reported that it is 
powerful. (For example, author T. Oda, R. Yamashita, I. Haga, and T. Takahashi. "IEEE 
Transactions on Industry Applications '. 43 volumes, 1 18-124 pages, and 1996). However, when it 
decomposed with plasma, there was a problem which toxic substances, such as HF, HCI, COFg. 
COCI^. and SiF^. generate. 

[0003]With reference to drawing 4 and drawing 5, conventional technology is explained still in 
detail. Drawing 4. a plasma decomposition device of the ferroelectric restoration method which is 
a low-temperature plasma reactor with respectively typical 5 (packed bed type reactor), And ft is 
a longitudinal section of an example of the plasma decomposition device (barrier type reactor) of 
a silent-electric-discharge method, and an internal electrode and 2 are exterior electrodes one 
among a figure, and the granular ferroelectric substance (3) is filled up with the packed bed type 
reactor (drawing 4) among the two electrodes 1 and 2. 5 is a power supply which Impresses the 
high volUge among the two electrodes 1 and 2. The cap made from Teflon provided since 6 fixed 
the Internal electrode of a cylindrical shape decomposition, device, and 7 are ths control boards 
holding the filled ferroelectric, and are provided in the both ends of the cylindrical shape 
decomposition device. 8 is 0-ring. In the barrier type reactor, the silica tube (10) is inserted 
inside the outside electrode. The arrow a shows the inflow course of exhaust gas. and the arrow 
b showa the outflow direction of purification gas. The exhaust gas introduced into this 
decomposition device is a channel of the arrow a, and after it is introduced into the plasma 
treatment room with which the dielectric substance was filled up through the bore of the control 
board made from Teflon and chlorofluocarbon decomposes, purification gas is discharged as a 
flow shown by the arrow b fi'om the bore of the control board 7 of an outlet side. 
[0004jlnter-electrode, as shown in drawing 4 is filled up with the spherical bead which makes the 
main ingredients BaTiOj the specific Inductive capacity 4000 and 2 mm in diameter as a 
ferroelectric material. The capacity of 1 cm of inter electrode distance and a plasma treatment 
room is 31.4cm^. It circulated to the plasma reactor which shows drawing 4 Ar gas which 
contains the chlorofluocarbon 115 (200ppm C^CIF^) and 0.5^^ of steam (H^O) in imitation gas by 

lOOcm^/min. and the voltage of 0-5 kV was impressed to inter^electrode. In this way, the 
amount of decomposition of the chlorofluocarbon under various conditions was measured The 
result was shown in drawing 6-8. Drawing 6 (B) before a reaction was shown in drawing 8 (A) 
and 7 (A), and the infrared (IR) spectrum of the gaseous phase after a reaction was shown in 7 
(8). It turns out that disassembly of chlorofluocarbon advances also with this former type art 
fi-om this. However, as shown in drawing 6 (B) and 7 (B). also on which conditions, a toxic 
substance like COF^, SiF^, and HF was observed as a suboutput. The concentration of the 
various reactiort products by which it was generated in the former type plasma reactor for which 
it asked from ****** of this IR was shown in drawing 8. All are in the tendency which increases 
as the inversion rate of chlorofluocarbon becomes large. The same result was obtained also 
when tiie reactor of drawing 5 was used. 
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♦ [0005] 

[Problem to be solved by the irrventJon]As mentioned above, the oonventional low~temperature 
plasma reactor cannot be completely decomposed, although chlorofluocarbon or a fluorine 
compound can be understood by a renwrkable grade. This invention solves this problem, and 
performa plasma decomposition for chlorofluocarbon or a fluorine compound at high 
decomposition efTiciency. and an object of this invention is to suppress generating of harmful 
secondary output completely. 
[0006] 

[Means for solving problem] Above-mentioned SUBJECT of this invention was attained by the 
following method and device. 

(1) This invention is filled up with an aluminum content oxide the plasma reactor which coated 
the electrode surface with the thin alumina layer, or inside a reactor. 

(2) The alumina layer of the electrode surface is coated with a thickness of 0.05-1.0 mm. 

(3) In the case of a packed bed type reactor, in order to make electric discharge cause, need to 
be filled up with the dielectric substance of the dielectric constants 100-15000, but. In mixing 
and using an aluminum content oxide for this, it fills up with a volume ratio in aluminum content 
oxiderferroelectric substance =1:9 to 5:5. 

(4) In the case of the barrier type reactor which does not need a ferroelectric, it is filled up only 
with an aluminum content oxide. 

<5) An aluminum content oxide \s at least one sort chosen from alumina (AI2O3), the zeolite 3A, 

the zeolite 4A. the zeolite 5A, the zeolite 13X. and SUPINERU (MgAlgO^). 

[0007] 

[Mode for carrying out the inventionjHereaften the plasma decomposition device and method of 
applying this invention are concretely explained based on illustration. Drawing 1 - 3 are each 
longitudinal section of three examples of a cylindrical plasma decomposition device, and an 
Internal electrode and 2 are exterior electrodes one among a figure. 5 is a power supply which 
impresses the high voltage among the two poles 1 and 2. The cap made from Teflon which 8 
provided for internal electrode fixation of a cylindrical shape decomposition device, and 7 are the 
control boards holding the filled ferroelectric, and are provided in the both ends of the cylindrical 
shape decomposition device. 8 is O ring. 

[0008]In the packed bed type reactor shown in drawing 1. it fills up with a granular ferroelectric 
substance among the two electrodes 1 and 2, and the alumina coating layer 9 is formed in the 
opposed face side of the two electrodes 1 and 2, respectively. Although a plasma reactor 
electrode is coated with the tWn layer of alumina, [ in the reaotor of illustration ] Here, its 
thickness of 0.05-1.0 mm ts preferred so that the dielectric breakdown of the alumina layer by 
the high voltage may not be caused, and in order that the alumina layer of an electrode surface 
may suppress decline in the electric power efficiency by coating of alumina, a thickness of 0.05^ 
0.5 mm is more preferred [ a layer ]. 

[0009]The mixture of a granular ferroelectric substance (3) and an aluminum content oxide (4) is 
filled up with the packed bed type reactor shown in drawing 2 among the two electrodes 1 and 2. 
About the method of being filled up with a stainless steel reactor a reactor comprises stainless 
steel, they are an aluminum content oxide and a strong dielectric substance of the specific 
inductive capacity 100-15000 to an inside 1 : ft mixes physically by the volume ratio of 9-5:5, 
and fills up and uses for fnter-electrode. 

[0010]A ferroelectric and an aluminum content oxide are made to exist in drawing 2 by the mixed 
state at a packed bed reactor of illustration instead of coating, as illustrated to drawing 1. Here, 
as for specific inductive capacity of a ferroelectric substance, 100-15.000 are preferred at room 
temperature, and 1J00 to 10.000 is more preferred. As for the mixing ratio of an aluminum 
content oxide and a ferroelectric substance. 1:9-5:5 are preferred at a volume ratio, and 1:9-3:7 
are more preferred. When mixing, if there are too few aluminum content oxides, an effect of an 
aluminum content oxide cannot be demonstrated. If too large, in low voltage (energy), it becomes 
impossible for plasma to occur and continuous plasma — a device short-circuits — cannot be 
generated on high voltage. 
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[001 1]In a barrier type reactor illustrated to drawing 3, a silica tube (10) is inserted inside an 
outside electrode. It is fifled up with an aluminum content oxide (4) among the two electrodes 1 
and 2 like composition illustrated to drawing 2. An aluminum content oxide is filled up with and 
used for the inside about a method of being filled up with glass reactors a reactor comprises 
glass. In the case of a barrier type reactor which does not need a ferroelectric for a plasma 
generation, the same performance as the above-mentioned reactor is obtained by filling up inter^ 
electrode with an aluminum content oxide. 

[00t2]ln drawing 1 - drawing 3, the arrow a shows the inflow course of exhaust gas, and the 
arrow b shows the outflow direction of purification gas. The exhaust gas introduced into this 
decomposition device is a channel of the arrow a, and after it is introduced into the pJasma 
treatment room with which the dielectric substance was filled up through the bore of the control 
board 7 made from Teflon and chlorofluocarbon decomposes^ purification gas is discharged as a 
flow shown by the arrow b from the bore of the control board 7 of an outlet side. 
[0013]The low-temperature plasma decomposition device of this invention fills up inter^ 
electrode with alumina coating processing of an electric discharge electrode or an aluminum 
content oxide, and disassembles chiorofluocarbon and a fluorine compound into a harmless 
substance by plasma treatment. Argon (Ar) of the dilution gas nrrixed with chlorofluocarbon at 
this time, steam (HjO), Although there is no restriction in particular in the concentration of the 

I chlorofluocarbon in oxygen (O^X nitrogen (NgX or hydrogen (H2)r about .100-20,000 ppm is -usually 

|, i 00-1 0,000 ppm preferably! 

r [00 14] Although the voltage (voltage per Inter-electrode [ 1 cm of ]) impressed between the 
internal electrode 1 and the exterior electrode 2 changes with the chlorofluocarbon 
concentration etc. to process, it is usually 1 - 5 kV/cm preferably one to 10 kV/cm. Essential 
structure of the plasma reactor used for this inventions other than the above can be made into 
the same thing as usual. 

[00 15] Although the example of the chlorofluocarbon and the fluorine compound which can be 
removed by this invention Is raised to the next, it is not limrted to this. 

(Chlorofluorocarbon) Chlorofluorocarton (CFC)-1 1. -12, -113, -114, CFC(s) other than -115 
(chlorofluorocarbon alternatives) chlorofluorocarbon, Hydronalium chlorofluorocarbon (HCFC)^22, 
-123. -141b. -142b, and-225ca and -255cb. Hydronalium fluorocarbon (HFC)-134a, -152a, and- 
32, -125, ^143a. -23 (other fluorine compounds) 

Nitrogen trJfluoride (NF3) sulfur hexafluoride (SFg) perfluorocarbon (PFC: CF.. C^Fa, C^Fc) 
[OOiejNext, an embodiment explains this invention still in detail. The ferroelectric material was 
filled up with the spherical bead which makes the main ingredients BaTi03 the specific inductive 
capacity 4000 and 2 mm in diameter using the packed bed type reactor which carried out 
alumina coating of the electrode as shown In drawing 1. The capacity of 1 cm of inter electrode 
distance and a plasma treatment room is 31.4cm^. It circulated to the plasma reactor which 
shows drawing 1 Ar gas which contains the chlorofluocarbon 115 (200ppm C^CIFg) and 0.5% of 

steam (HgO) in imitation gas by lOOcm^/min, and the voltage of 0-5 kV was impressed to inter- 
electrode. In this way, the amount of decomposition of the chlorofluocarbon under various 
conditions was measured. The result was shown in drawing 6 - 8. As shown in drawing 6 (C) and 
drawing 7 (C). while chlorofluocarbon was removed, it became clear from the infrared (IR) 
spectrum of the gaseous phase after decomposition by the plasma reactor of this invention that 
generating of harmful secondary output can be controlled. As shown in drawing 9. [ the 
concentration of the various reaction products by which it was generated at the reaction of the 
plasma reactor of this Invention for whfoh ft asked from this 4^**** ] It became removable [ the 
harmful secondary output (COF^, SIF^, HF) which was not able to be realized in the former type 
reactor (drawing 8) which does not coat an electrode surface ]. 

[00173AI8O in a plasma reactor (drawing 3) of a barrier type which filled up with an aluminum 
content oxide [ which were filled up with a mixture of a ferroelectric and an aluminum content 
oxide / a packed bed type reactor (drawing 2) and inter-electrode ], the same result as drawing 
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1 was c*tained. A result also with the same experiment using alumina (AI2O3), the zeolite 3A, the 
zeolite 4A. the reolite 5A. the zeolite or SUPINERU CMgAI^O^) as an aluminum content 
oxide was obtained 
[0018] 

[Effect of the Invention]By this invention, perform plasma decomposition for the 
chlorofluocarbon or the fluorine compound of less than 2* (20.000 ppm) under Ar or a air 
current, and acquire high decomposition efftciency, and In the reactor filled up with the reactor 
or aluminum content oxide made to coat with alumina of this invention, generating of harmful 
secondary output can be suppressed completely. 



[Translation done.] 
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